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13 Claims. (C. 73-23) 
This invention relates to an improved fluid meter con 

struction. The invention more particularly relates to 
an improved construction for a fluid Such as a gas meter 
of the measuring wheel type. Meters for measuring 
fluids flowing through a pipe line such as gas flow, in 
which the fluid flow actuates and causes rotation of a 
turbine or measuring wheel are known. These meters 
are generally referred to as measuring wheel meters. 

In the actuation of measuring wheel meters by the 
flowing fluid a certain portion of the rotational impulse 
imparted to the meter by the flowing fluid is used to 
overcome the resistance to rotation of the measuring 
wheel as for example, as caused by inertia, frictional 
resistance, etc. The smaller the portion of the fluid im 
pulse which is used to overcome this resistance to rota 
tion of the measuring wheel, the more precise is the in 
dication of the meter. Accordingly, in measuring light 
gaseous media, a dependable measurement can only be 
obtained if the velocity of flow of the medium at the 
measuring wheel is as large as is possible. However, on 
the other hand, the pressure consumed at the meter 
must be kept small for reasons of operation and due to 
the existing calibration requirements so that it is impor 
tant to provide a path of flow within the meter which 
ensures the greatest possible flow pulse at the meas 
uring wheel while at the same time guaranteeing a mini 
mum flow loss. Measuring wheels in meters of this type 
may for example be positioned in the neck of a Venturi 
and the path leading to and from the measuring wheel 
must be so chosen that additional flow resistances as for 
example, sudden changes in the flow cross Section, dead 
spaces through which the measuring wheel or blades or 
the flow move, etc., are avoided. 
Very often in present day practice the fluid media 

being measured not only flows forward through the pipe 
system but often flows in the reverse direction so it is 
highly desirable that the meter be able to measure for 
ward or backward flow in an equally dependable man 
ner. Under these conditions, the difficulties and influences 
which are already present and must be overcome in con 
nection with meters which measure in only one direction 
of flow, in order to obtain error curves which will meet 
with the approval of the authorities are greatly increased. 
For these reasons, it was generally not possible in con 
nection with the previously known measuring wheel 
meters which were used for the measurement of light 
and particular gaseous fluids to obtain official approval 
for measurement in both directions of flow, i.e., forwards 
and backwards. 
One object of this invention is a novel construction 

of measuring wheel meter which will allow measurement 
of both forward and backward flow in an equally depend 
able manner. This and still further objects will become 
apparent from the description read in conjunction with 
the drawings in which: 

FIG. 1 is a vertical section of an embodiment of a 
measuring wheel meter in accordance with the invention, 
FIG. 2 is a diagrammatic plan view partially in section 

of the embodiment shown in FIG. 1, 
FIG. 3 is a diagrammatic plan view showing the meas 

uring wheel for the meter shown in FIG. 1, 
FIG. 4 is a vertical section of a further embodiment 

of a meter in accordance with the invention, 
FIG. 5 is a diagrammatic plan view partially in sec 

tion of the embodiment shown in FIG. 4, 
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FIG. 6 is a diagrammatic vertical section showing a 

further embodiment of measuring wheel meter in accord 
ance with the invention, 
FIG. 7 is a diagrammatic vertical section showing 

a further embodiment of measuring wheel meter in ac 
cordance with the invention, and 

FIG. 8 is a diagrammatic vertical section showing an 
other embodiment of measuring wheel meter in accord 
ance with the invention. 
The measuring wheel meter in accordance with the 

invention for measuring the flow of fluids has a rotatable 
measuring wheel of the known and conventional construc 
tion with blades adapted to be acted on tangentially by 
a flowing fluid. In accordance with the invention, means 
are provided which define a first spiral path of fluid flow 
of decreasing cross sectional area leading to the measur 
ing wheel of the meter and terminating substantially tan 
gentially at this measuring wheel. Means are provided 
which define a second spiral path of fluid flow leading 
tangentially from the measuring wheel in the same direc 
tion of spiral as the first spiral path of fluid flow and 
increasing in cross sectional area in a direction away 
from the measuring wheel. The first and second spiral 
paths are in flow communication with each other at the 
measuring wheel and preferably form a continuation of 
each other at the measuring wheel. The spiral paths of 
fluid flow preferably terminate as pipe connections which 
are used to connect the meter in the pipe line through 
which the fluid which is to be measured flows. 

Due to the increase in the cross sectional area of the 
spiral paths of fluid flow in the direction away from the 
measuring wheel irrespective of the direction in which 
fluid is fed through the meter, the same will pass to the 
measuring wheel in a spiral accelerated flow and flow 
away from the measuring wheel in a delayed spiral flow 
so that on both sides of the measuring wheel there is as 
sured an energy conversion which takes place in accord 
ance with the same loss. 

Referring to the drawing, in which all like parts have 
the same reference designations, it is seen that in the em 
bodiment of the invention shown in FIGURES 1 to 3, 

is the measuring wheel of a tangential-flow meter, the 
housing of which consists of two spiral parts 2 and 3, 
one of which is connected in front of the measuring 
Wheel and the other behind it. The housing part 2 has 
the pipe line connection 4 and the part 3 the connec 
tion 5. The housing part 2 is closed on top by a cover 
shaped flange 6 and part 3 by a corresponding flange 7. 
The flange 6 bears a cylindrical extension 8 and the 
flange 7 a correspondingly developed extension 9. These 
eXtensions are closed off by the plates 10 and 11 on 
which the supports 2 and 13 of the vertical measuring 
wheel shaft 4 are arranged. The measuring wheel 1 
has a central disc 15 having an annular shell-like ring 16 
in which the blades or vanes 7 are vertically arranged 
preferably radial to the shaft 4 (FIGURE 3). The 
rotation of shaft 4 is transmitted here in the manner 
known in connection with measuring wheel meters by 
means of a worm 18 (FIGURE 1) and the customary 
gear wheels to an indicating mechanism 21 present below 
the cap 9 of the meter. 
FIGURE 2 shows, on the left, a plan view with the 

cover 6 and a section through the cylindrical extension 
8 and on the right a horizontal section through the spiral 
housing part 2. The spiral course of the outer wall 2 
and of the inner wall 2' can be noted, the continuation 
thereof being indicated on the left hand side of the figure 

70 
by dotted lines. FIGURE 1 shows these two walls in 
vertical section. The fluid flow entering between them 
from the connection 4 is fed in accelerated motion by 
the guide blades 22, 23, 24, of any suitable construction 
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(which are also indicated on the left hand side of the 
figure in dotted lines), and the housing wall 2' approxi 
mately tangentially through the spirally shaped path to 
the measuring wheel 1 vertical to the blade surfaces 17 
and is then conducted while retaining the direction of 
rotation of the measuring wheel through the housing part 
3 spirally in delayed motion, from the measuring wheel 
1 outside to the connection pipe 5. In FIGURE 2 the 
course of the outer channel wall 3' and of the inner wall 
3' of the spiral housing part 3 are shown. 

In the embodiment shown in FIGURES 1 to 3, the ac 
celeration or delay is caused because the distance between 
the inner and outer walls of the spiral channels decreases 
as the channels approach the measuring wheel. The 
kinematic counterpart to this is shown in the embodiment 
of FIGURES 4 and 5. In this embodiment the corre 
sponding outer and inner walls 42", 42' and 43', 43' of 
the spiral channels 42 and 43, respectively are concentric 
and therefore arranged with a constant distance apart, 
and it is the height of the flow path which decreases upon 
coming closer to the shell-shaped ring 16 of the measur 
ing wheel. 
As shown in FIGURE 1, the housing parts 2 and 3 

have a frusto conical shape being inclined to the plane 
of rotation of the meter, the part 2 forming the angle a 
with the plane of rotation I-I of the measuring wheel 
and part 3 the angle (3. This development serves, in com 
bination with the annular shell-shaped measuring wheel 
ring 16, to conduct the fluid to be measured with as little 
disturbance as possible from one part of the housing to 
the other. It can easily be seen that this transfer takes 
place with a minimum amount of disturbance when c. 
approximately equals (3 (casg) and the lines of symmetry 
II and III of the two housing parts are parallel or merge 
at the axial point 0. If the angles C. and (3 are of differ 
ent size, the flow when passing from one part of the hous 
ing to the other is deflected within the shell-shaped ring 
16 of the measuring wheel and thereby produces an axial 
thrust which can be used when (3) a to relieve the lower 
supporting bearing of the shaft 14. It can be directly 
seen that for the sectional profile of the path of motion 
a semi-spherical, elliptical, parabolic with cut vertex cap 
or any other suitable shape can be used instead of a coni 
cal shape. In each such case, ready passage in both direc 
tions is possible. 
The measuring wheel 1, which is very light, is provided 

with blade surfaces which are directed preferably at right 
angles to the flow and which, upon a change of the flow 
in one or the other direction, act as driving or damping 
surfaces (brake surfaces). 
ment of inertia of the measuring wheel the shell ring on 
the measuring wheel can be omitted as shown in FIGURE 
4 so that the said wheel 1" on shaft 14 consists only of 
the disc 15' and the blades 17. The shell ring 16' is then 
stationary and divided at the plane I-I with its upper 
half rigidly connected with or defined by the cover shaped 
flange 6' at the cylindrical extension 8' and its lower half 
connected with or defined by the cover shaped flange 7 
at the cylindrical extension 9'. Between the two shell 
halves there remains an annular gap in which the disc 15 
of the measuring wheel 1" can move unimpededly with 
a slight clearance and with it the blades 17' can move 
in the annular space formed by the divided shell 16'. 

Since in the embodiment of FIGS. 1-3, for example, 
as will be true correspondingly with all of the various em 
bodiments of the invention, the measuring wheel 1 can 
be kept very light and easily moved and since the flow 
impinges on its blade surfaces 17 approximately at right 
angles, it responds even in case of very slight velocities 
of flow regardless of the direction of rotation at which 
the blades 17 are struck. Since additionally the housing 
parts 2 and 3 are so developed that for equally large 
quantities of flow they feed the fluid to be measured in 
both directions of flow with the same speed to the measur 
ing wheel, the measuring wheel meter in accordance with 

In order to reduce the mo- : 
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4. 
the invention indicates with equal accuracy in both direc 
tions of flow. The transmission between the measuring 
wheel 1 and the meter 25 remains the same for both direc 
tions of flow because the blade surfaces 17 of the measur 
ing wheel do not deflect the flow but are struck approxi 
mately at right angles by it and are carried along by the 
gyrating flow. This equally accurate indication in both 
directions of flow can be used to check the accuracy of 
the meter, by interchanging the input and output after a 
certain period of operation by turning the meter around 
or by reversing it within the pipe system in which it is 
installed. If the same readings are obtained in both 
directions of flow, the meter is operating properly, other 
wise, it should be cleaned. 

In the embodiment shown in FIGURES 1 and 3, the 
lower wall of the housing part 2 and the upper wall of 
the housing part 3 (cf. at 25 in FIGURE 1) pass directly 
into one another. However, the two housing parts 2 and 
3 can also be removed from one another and a cylindrical 
piece of pipe coaxial with the shaft 14 of the measuring 
wheel can be provided as connection between them. This 
feature is specifically shown in FIGURE 4 by pipe 
means 26. 

In the case of this structural variant, as shown in FIG 
URE 4, the said two half-shell rings 16' fastened to the 
flanges 6' and 7 have corresponding cylindrical extensions. 
This results in an increase in the size of the vane surface 
17. The driving moment on the measuring wheel by the 
fluid flow increases in the ratio of the increase of the area 
and as a result of this, the precision of the reading of 
the meter is increased. 
The embodiments described up to this point have a 

spiral housing. Of course, any other suitable shape can 
be obtained provided that the path of motion of the flow 
in the feed line and in the discharge line is developed in 
the manner in accordance with the invention by corre 
spondingly installing guiding devices or elements. In this 
connection, it is also immaterial whether each guiding 
element (blade or the like) is fastened by itself (for in 
stance by notches, grooves, pins or the like) in the hous 
ing or whether complete guide apparatus are inserted in 
suitable manner in the meter housing and the claims are 
intended to cover all structural variants which can be 
used to carry out the invention. 
A number of further embodiments of the invention 

are shown in FIGURES 6, 7 and 8 of the drawing. Here 
the housing parts 26, 26 of FIGURE 6, 27 and 26 of 
FIGURE 7, and 26 and 32 of FIGURE 8 correspond to 
parts 2 and 3 of FIGURE 1 and 42 and 43 of FIGURE 4. 
In parts 26 and 26 there is provided coaxially a conical 
guide member 28 on which there are fastened guide plates 
29 which have the shape of helical surfaces and support 
the guide member 28 against the outer wall. The fluid 
flow coming from below in housing 26 for instance as 
shown in FIGURE 6 and FIGURE 8 is forced by the 
increasing constriction of the spiral flow path to become 
constantly faster and reaches its maximum upon tan 
gential entrance into the measuring wheel 1. 

In FIGURE 7, the fluid flow coming from below is 
forced by the increasing constriction of the spiral flow 
path to become constantly faster in the same way. The 
spiral path in this case, has a cross sectional area which 
decreases in the direction of the measuring wheel caused 
by a conically widened housing part 27 and a cylindrical 
core 30. This core is supported by the guide blades 31 
which have the same direction of turn as the guide blades 
29 and are so arranged that they also increase the velocity 
of flow as it approaches the wheel. 
The fluid flow then exits through the housing part 26' 

as in FIGURES 6 and 7 conversely becoming constantly 
slower in velocity as the spiral flow path increases in 
cross-section with increased distance from the wheel 1', 
or through housing part 32 as shown in the embodiment 
of FIG. 8. In the case of the housing part 32, having a 
corresponding flange 6' and cylindrical extension 8', 



3,144,768 
5 

the spiral flow path also increases in cross-section with 
increased distance from the wheel 1'. 

It will be noted that in the embodiments of FIGS. 6 
and 7, the wheel i' is located in the gap between guide 
members 28, 28, and 28, 30, respectively, the annular 
shell-like ring 6 being omitted, while in FIG. 8 the 
wheel 1' is provided on the central disc 5' with only 
a half-shell 16' and its blades 17' are adapted to the 
guiding of the flow. 
The drawing in all of the embodiments presented 

clearly shows in housings 2 and 3, 42 and 43, 26 and 26, 
27 and 26' or 26 and 32, the combination in accordance 
with the invention of the basic form (known per se) with 
the spiral flow paths, the opposition of the spiral path 
towards the inside and the outside in the two housing 
parts, the passing into one another of the two spiral paths 
at the measuring wheel and the reduction of the flow cross 
section of these spiral paths upon approaching the periph 
ery of the measuring wheel. 

In principle, the theorem of conservation of areas ap 
plies to a spiral flow as long as no energy is removed from 
it. This theorem states that the product of the peripheral 
component cu of the flow velocity at any place in the 
spiral flow and the distance r between this place and the 
center of rotation 0 (cf. FIGURE 2) is constant. We 
thus have r.c=constant, from which it follows that the 
velocity of rotation c is greatest where r is smallest, 
namely at the blade ring of the measuring wheel . If 
the perpendicular distances R of the center lines of the 
connections 4-5 from the center of rotation 0 are equal 
to each other, then, as can easily be seen, the velocities 
of flow and discharge ca and cs are equal to each other 
in the connections since ca-cu4 and cs= cus. From the 
theorem of the conservation of areas 

the spiral course of the guide means and the continuity 
equation (F.c=constant), there is obtained the flow cross 
section associated with each r. According to the con 
tinuity equation, F is the flow cross-section and c is the 
velocity, so that for a spiral flow in a fixed volume stream, 
the velocity is inversely proportional to the flow cross 
section. 
The velocity component cm directed radially towards or 

away from the center of rotation 0 is in both cases 

cm2, 
in which Q is the volume of flow per second and b the 
distance apart of the side walls of the spiral housing along 
the circle 2.r.t. In the case of parallel side walls, as 
shown for instance in FIGURES 4 and 5, for O=constant 
and b=constant, we also have cr=constant. Since 
r.c is constant, 

m= constant 
Cu?" 

Furthermore 
Cm d.r 
= constant=tan e = 

Cu r.d. d) 

since the direction of the velocity and the direction of 
the flow line or guide blade agree. 

In such case, r and b are the polar coordinates referred 
to the center point 0 of rotation. The guide blades there 
fore since tan e=constant, extend here in accordance with 
logarithmic spirals. Naturally, the shape of the guide 
blades can just as well be some other shape. It depends 
on the variation of the cross section along the spiral path 
of motion. 

If a gaseous medium to be measured flows for in 
stance under the absolute pressure p into the meter and 
discharges from it under the pressure ps then in ac 
cordance with Bernoulli's equation since casc (see 
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6 
the input pressure p1 and this equality is actually also 
achieved with a high degree of approximation. Fur 
thermore, from the velocity of flow at the inlet to the 
measuring wheel , the pressure p prevailing there can 
be determined. The pressure retransformation from pa 
to ps takes place in a manner similar to that occurring 
in the well known Venturi tube, but with the essential 
and advantageous difference that the recovery of the 
pressure is not affected solely by the widening of the 
cross section, but is also promoted in natural manner 
(theorem of the conservation of areas) by the rotational 
motion of the medium to be measured. 
As a result of the above described spiral shape of 

the feed and discharge path, the development of the 
measuring wheel 1 described and the constantly ap 
proximate perpendicular admission onto the measuring 
wheel blades, there are eliminated those disturbances 
which are unavoidable when an impeller wheel is in 
serted in the narrowest cross section of a Venturi tube 
and not only endanger the pressure recovery of such 
a Venturi tube which in itself is good, but also, in view 
of the complicated flow processes at the measuring wheel 
do not permit a forward and backward measurement 
which meets the requirements of possibility of calibra 
tion. 

In the embodiments of the invention according to 
FIGURES 1 to 3 and 4 and 5, a Venturi tube having 
a straight axis is so to say replaced by one having a 
spirally curved axis (housing parts 2 and 3 or 42 and 
43, and shell 16 or halved shells 16'). In the other 
examples, this concept has been analogously realized. 

If measuring wheel meters are to serve for forward 
measurement and for rearward measurement, it is not 
sufficient that they indicate directly down to about 10% 
of the nominal load as in the case of only one direction 
of flow. Rather, specifically upon the transfer from one 
direction of measurement to the other, they must still 
correctly indicate flow intensities which are below the 
said measurement range. In the case of the measuring 
wheel meter according to the invention, this measure 
ment range has been extended so far downward and the 
unavoidable losses which occur upon the reversal of 
the measuring process are so slight that the percentage 
error with regard to the total indication of the meter 
is negligibly small. 

I claim: 
1. In a measuring wheel meter for measuring the 

flow of fluids having a rotatable measuring wheel with 
blades adapted to be acted on tangentially by a flowing 
fluid, the improvement which comprises means defining 
a first imperforate spiral path of fluid flow of continu 
ously decreasing cross sectional area leading to said 
measuring wheel and terminating substantially tangen 
tially at said measuring wheel, means defining a second 
imperforate spiral path of fluid flow leading tangentially 
from said measuring wheel in the same direction of 
spiral of said first spiral path and continuously increas 
ing in cross sectional area in a direction away from 
said measuring wheel, said first and second spiral path 
means being in direct unconstrained transitional flow 
communication with each other at said measuring wheel 
and together defining an unobstructed spiral vortex path 
of flow continuing from said first path to said measuring 
wheel and from said measuring wheel to said second 
path, the narrowest flow cross-section within said meter 
being defined by the transitional flow path means at 
the measuring wheel interconnecting the two spiral flow 
paths, said transitional flow path means being the sole 
path of fluid flow communication between the first and 
Second imperforate spiral flow paths and said measuring 
wheel being disposed within said transitional flow path 
means in open communication with said spiral flow paths 
around the entire periphery of said wheel. 

2. Improvement according to claim 1, in which said 
first and second spiral paths form a continuation of each 

above) the output pressure P3 is theoretically equal to 75 other at said measuring wheel. 
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3. Improvement according to claim 1, in which said 

spiral paths of flow terminate as pipe connections. 
4. Improvement according to claim 1, in which said 

spiral paths of flow are at least partially defined by a 
meter housing. 

5. Improvement according to claim 1 including a 
cylindrical housing member surrounding said measuring 
wheel in connecting said first and second spiral paths of 
fluid flow. 

6. Improvement according to claim 1, in which at 
least one of said first and second spiral paths of fluid 
flow is defined by a conduit extending substantially axially 
with respect to the axis of rotation of said measuring 
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wheel and having helix guide means positioned therein. 
7. Improvement according to claim 6, in which said 

helix guide means are positioned about a central mem 
ber concentrically positioned within said conduit to form 
an annular space between said central member and said 
conduit, at least one of said conduit and central mem 
ber having a conical shape so that said annular space 
decreases in cross sectional area in the direction toward 
said measuring wheel. 

8. Improvement according to claim 7, in which said 
conduit is substantially cylindrical and in which said 
central member has a frusto conical shape widening in 
the direction of said measuring wheel. 

9. Improvement according to claim 8, in which said 
central member is substantially cylindrical and in which 
said conduit has a frusto conical shape narrowing in the 
direction of said measuring wheel. 

10. Improvement according to claim 1, in which the 
blades of said measuring wheel are positioned in an 
annular shell having an outwardly facing annular open 
ing and defining a path of flow communication between 
said first and second spiral paths. 

11. Improvement according to claim 1, in which said 
means defining said first and second spiral path of fluid 
flow each terminate at said measuring wheel as an an 
nular concave shaped guide member, said concave shaped 
guide members collectively defining an annular shell in 
which the blades of said measuring wheel move and 
having an outwardly facing annular opening. 

12. In a measuring wheel meter for measuring the 
flow of fluids having a rotatable measuring wheel with 

20 

25 

30 

40 

3 
blades adapted to be acted on tangentially by a flowing 
fluid, the improvement which comprises means defining 
a first spiral path of fluid flow of continuously decreas 
ing cross-sectional area leading to said measuring wheel 
and terminating substantially tangentially at said measur 
ing wheel, means defining a second spiral path of fluid 
flow leading tangentially from said measuring wheel in 
the same direction of spiral of said first spiral path and 
continuously increasing in cross-sectional area in a di 
rection away from said measuring wheel, said first and 
Second spiral path means being in direct flow communica 
tion with each other at said measuring wheel, said spiral 
paths of flow being defined by frusto conically shaped 
housings, the housing forming said first spiral path of 
flow being axially adjacent and in opposed facing rela 
tion with respect to the housing defining said second 
spiral path of flow with the cross sectional areas of the 
paths defined by said housings decreasing in the direc 
tion of each other and toward said measuring wheel. 

13. Improvement according to claim 12, in which the 
walls of said housing defining said first and second spiral 
paths of fluid flow which have said frusto conical shape 
have substantially the same angle of inclination with 
respect to plane of rotation of said measuring wheel to 
define flow paths having the same radial axis of sym 
metry. 
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